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I. INTRODUCTION 


Guided missiles are classified into four broad catego- 
ties, d¢pending on launch and target position characteéris- 
tics. These categories ara (1). alr -to - air (ZV hai = 
Mem=e ground (3). surface - to - air and (4). surface -to - 
surface. Each categery of the abov2 will employ one or mors 
of the following guidance schemes; programmed command, 
line-of-sight, lead-angl2, proportional navigation homing 
and inertial. The beam rider guidance is included in the 
line-of-sight guidance. A number of missiles also use 2 
combination of these methods. For 2xample, the initial part 
of the missil2 trajectory may use programmed guidance while 
the terminal phase may use beam-rid2r. 

onl Ss thesis discusses the surface-tc-air missile 
meee lled by on-off, thrust vectoz, control. Consideration 
was given to determine the effects of the two-level relay 
and the saturation linear ccntrol. ine order to verity che 
msemits, it was tested by using the type of control for 
three different types of missile-target scenarios: 

(1). LOS command against non-maneuvering target 

(2). LOS command against maneuvering target 

(3). Pseudo-LOS command against non-maneuvering target. 

In chapter 2, a discussion of a iine-of-sigh* guidance 
was presented anda practical example of it was shown in 
Seaapter 3. The general concept of on-off control was 
described in chapter 4. The simulation results of the basic 
command to line-of-sight against both a non-maneuvering and 
a maneuvering target wera shown in chapters 5 and that of 
pseudo-LOS case was in chapter 6. Finaliy, a discussion of 
two-level relay and saturating linear control was presented 
in chapter 7. A table of variables which were used in cthis 





thesis is shown in the Appendix A. Computer simulation was 


accomplished using Digital Simulation Language, DSL. 
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TI. OVERVIEW OF LINE-OF-SIGHI GUIDANCE CONTROL 





A LOS system can be called a "3-point™" guidance systen 
Since there is one point which defines the tracker, another 
the target anda third which defines the position of ha 
missile. The object of tha guidance system is to constrain 
the missile to lie as nearly as possible on the line joining 
the tracker and the target called the Line Of Sight (LOS). 
The concept iS Simple and can be implemented in many ways; 
perhaps it is this apparent Simplicity which explains why 
many of the guided weapon systems as yet designed are LOS 
systen. 

Genslasr 2 target £lying straight and at consant speed, 
See@ee a MisSile flying at a different angle but constant 
speed, having been launched when the target occupies a posi- 
Peon, TO (see Figure 2.1). 

Memes intervals of time of 1,2,3 atc seconds the LOS is 
Shown as OT1,0T2,0T3 etc. Since the missile ideally always 
lies on these lines the flight oath will be a curved one, 
for an approaching target, the curvature becomes increas- 
ingly severe towards the end of the engagement. We note that 
the tangent to the flight path at any one point defines che 
instantaneous direction of the missile velocity. It is seen 
that the missile velocity vector will, in general, not be 
directed along the LOS; towards the end of the engagement it 
may be at a considerable angle to it [Ref. 1]. 

In an actual situation the guidance signals transmitted 
to the missile are the demanded lateral accelerations 
(LATAX) in two axes at the right angles to the beam. These 
demands are resolved into missile axes within the missile. 
An error compensation term endeavouring to keep the error 


off the beam (6,+¢) equal to zero. 
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Figure 2.1 Missile Target Encounter with LOS Guidance 


A basic geometry and a simplifisd guidance loop ars 
Sfown in Figure 2.2 and Figure 2.3. 

Suppose that the cross range error (CRE) of Figure 2.2 
can be measured either directly or by neans of the anguiar 
difference between OT and OM, togsth2ar with some knowledge 
of missile range (Rm), then 


GRE = RN(6: -on ) (2.1) 


If this error off the beam is used as an acceleration demand 
U, it needs some damping so that good response characteris- 


tics are obtained. A dynamic equation of the forn 
CRE = G1 (CRE) + G2 (CRE) (2. 2) 


needs to be satisfied, where Gi and G2 are constants. This 
necessity leads immediately to the consideration of a 
filtered error. In the presence of noise on the sight-line, 


12 





Re ference 





Figure 2.2 Basic Geometry 
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Pigure 2.3 Simplified Guidance Loop of LOS Guidance 





and hence on the cress range error, CRE sesueciuhe -f2-cor 
design is not simple and becom?s a compromise between 
requirements for smoothing the nois= and giving an adequate 
response to a demand. Modern techniques allow filters to be 
designed statistically ié some knowledge of the noise char- 
acteristics is available or can be assumed. Pigure 2.3 shows 
meme position of such a filter F(s) in the guidance loop. [ft 
includes a gain G, and the acceleration demand is 


U = F(s) Rm ( Ot - 6m ) (2. 3) 


The missile transfer function is represented by A(s) and 
when the achieved acceleration is doubly integrated and 
divided by Rm it represents a new measure of the missile 
beam angle (6m), thus closing the loop when differenced with 
the target beam angle (dt). 

While this concept is simply a LOS or beam riding 
Guidance situation it is by no means as clear in homing how 
a guidance law can be devised in the absence of information 


on missile and target positions {Reaf. 2]. 
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In order to provide a "vehicle" through which to beter 
understand the basic aspects of command to line-of-sight 
guidance methodology, the engagéemant sequence of a short- 
range, air-defense, missile system is iescribed. The Roland 
system was selected because the general operationai aspects 
of the system are available at th2 unclassified level 
(Ref. 4]. 

The entry of one or more aerial targets into the range 
of the search radar is indicated to the Roland vehicle 
commander by an audible tone. At the same time, a synthetic 
display of the targets appears on a screen to give the 
commmander all the informaticn n22aded to s2lect th2 most 
threatening target. The screen images are different for 
friendly and énemy targets. Also, the entry of the target 
into the missile envelope, utilizing target advanced-range 
computations, is indicated by a change in the display. With 
the search antenna raised and the search radar activated, 
target acquisition is possibl2 even when the vehicle is in 
motion. 

There are three modes 9f identification, friend or fos 
(IFF) interrogation: automatic, manual, and automatic 
Within a given range. 

When the commander has recognized a target as hostile 
and decided to engage it, he places a cursor over the screen 
image. This automatically brings tn@ turret t+o bear and 
tracking can commence in either the "radar" or "optical" 
modes. 

In the "“radar™ mode, the tracking radar automatically 
accepts target designation from tha search radar, searches 
Bet, locks onto, and tracks the tarjet. 


Res: 





In the “optical" mode, the aiméer searches for the target 
in elevation with an optical sight. To aid him an electronic 
instrument displays the maximum theoretical elevation for 
the search. When the aimer has acquired the target ine OLS 
cross-hairs, he keeps the target in his sight by manipu- 
Meerog 2 control stick. This control keeps the target prop- 
erly positioned by moving the turret in azimuth and 
Swivelling a mirror in elevation. 

As soon as the commander confirms that the target is 
within missil2 range, h2 initiates the firing sequence in 
mae, “radar” mode, Sees cor Zes — "optical" mode firing 
through a command displayed in the aimer's sight. The aimer, 
then, can initiate the firing sequenc:. 

The missile is guided by a command to line-of-sight 
technique. This means that the target is tracked optically 
Smmoy cadar and the deviaticn o£ the missile from this line 
of Sight is determined and correctsd by a guidance command. 
Meee cOmMander may switch from "radar" to “optical"™ and back 
again, as desired, even after the missile has been launched. 

Target tracking and datermination of the nissile's devi- 
ation from the line of Sight are different for each mode. In 
the “radar mode, the guidance cadar has two receiving 
channels. Ont is used for target tracking and the other is 
used to locate the missile in the radar lobe through recep- 
tion of the missile'’s radios frequency beacons. By comparing 
these angles, an error between th? missile and the target 
line of sight can be determined. Pie — opt Cal mode, a 
biaxially-stabilized mirror is manually controlled to keep 
the target vertically in the aimer's Sight and the turret is 
rotated to the azimuth of the target line of sight. An 
infrared goniometer is mounted to provide mnisile angle from 
the tracker by following flares mounted on the crear of the 
missile. Then, a deviaticn of th2 missile angle from the 
target line of sight can be determined. 
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Two groups of signals are introduced into the command 
computer: the velocity of the line of sight in azimuth and 
elevation, and the deviation of the missile from the line of 
sight in azimuth and elevation. Based upon data from the 
line-of-sight movement and the angular deviations of the 
Missile, the necessary guidance signals are calculated. 

The guidance signals are relayed to the missile by a 
eaamsmicter with highly directional characteristics. The 
command-<transmitting antenna is slaved to the nissile angls¢ 
in both azimuth and elevation. It, therefore, is trained on 
the missile continuously. 

The side forces required for missile courses corrections 
are produced through deflection of the exhaust jet of the 
SuStainer motor by spoilers at the rear of the missile 
(thrust-vector control). 

When the missile reaches the point of impact with the 
target, the warhead is detonatei by either percussion, 
contact fuse or the radio-frequency, proximity fuse. The 
warhead consists of’a radial-effect, multiple-fragmentation 
charge. 

Figure 3.1 presentS an operational schematic of the 
basic Roland missile system operation. 

The computer simulations contained herein are generic in 
nature within the command to line-of-sight guided-missile 
type and have only reasonable estinates of missile capabil- 
ities introduced. This ensures unclassified results. At the 
Same time, the simulations are of sufficient complexity to 
properly weigh the relative Merits of the guidance 
variations discussed [Ref. 3]. 
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As discussed before, LOS guidance maintains a missile 
position on the LOS. Usually missil2a position has a cross 
range error (CRE) and we want to reduce this error to zero 
in the minimum time. This kind of problem can be solved by 


Temmasthe ON-Off control. The basic concept of this is that; 


Given a system for which the drive is limited (has 3 
Maximum or saturation value), the fastest response is 
obtained if maximum forward drive is applied at t = 0, 
and is reversed at 2 proper instant t = t1 so that 
deceleration under maximum reverse drive reduces the 
velocity to zero at precisely th2 command value of the 


output. The drive is then set to Zero. 


The ideal relay permits only two Conditions; GI SL 
acceleration and full deceleration { Ref. 5]. 

From the Bang-Bang control law, w2 can derive «he 
Switching function which makes the 2rror go to zero by using 


the proper switching time. From Newton's second law; 


F = m CRE 
@ @ d @ r 
CRE = ---- (CRE) = --- = J 
eke m 
CRE = CRE dt = Ut + ki 


But at t=0, cre = 0 and kl O. Therefore 


. a 
CRE = a. (CRE) = J ¢t (4. 1) 
CRE = CRE dt = 0 +* + k2 (4.2) 
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From the equation 4.1 


+7 = (CRE / U)* (4. 3) 


Substitute equation 4.3 into equation 4.2 


CRE = (U / 2)(CRE / U)* + k2 
= (CREY / (2 D) + k2 (4.4) 
where k2 is integration constant. But eee mare yar 1.) 


deceleration at the halfway point, the equation 4.4 becomes 
F = (CRE ICRE]) / (2 U) + CRE (4.5) 


and is called the ERROR FUNCTION. JU will be 
U= £G 
or 
U = -(G) SIGN(F) (4.6) 


Equations 4.5 and 4.6 represent the SWITCHING FUNCTION which 
makes the error go to zero in the minimum time. The 
Switching function and the block diagram of the on-off 
Bemeroller are depicted on the Figures 4.1 and 4.2. And we 
can obtain the crosS range error, CRE, by doubly integrating 
Sewectn the initial condition of CRE. We have 


CRE = U dt + CRE(O) 


CRE CRE dt + CRE(O0) (4.7) 


The Simulation results cf these equations are given on 
Figures 4.3 through 4.7 and the computer program is attached 
(see Appendix B). 
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V. BASIC COMMAN 
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Ae SCENARIO 


The engagement was designed with the ground tracker and 
missile launching unit located at tae origin. 
The target was flown accross the first quadrant from 2 


position 4000 meters on the x-axis and 1000 meters on th 


iD 


y-axis (4000,1000). The velocity vector of the targ2* wa 


O)) 


parallel tothe x-axis and magnitude was 250 meters pe 


t{ 


second. 

Since most missiles need a few seconds of boost, the 
missile is not contrclled during this time. We assumed that 
the missile was controlled after one second from the firing 
time and controlled by PROGRAMMED SUIDANCE up to this tine. 
After the time of missile "capture", the missile was 
Semerolled by the on-cff, TVC method with «he LOS guidance 
law. The simplified flow chart is shown in the Figure 5.1. 

In order to simplify the problem, we assumed “that: 

1) the velocity vector of missii2 , Vm, was parallel to 
the LOS between the target and origin and the magni- 
tude of Vm was constant, 50) meters per second; 

2) the LATAX was applied to th missile at right angles 
to the LOS. This was a reasonable assumption for 
this kind of missile. So the angle QO +g, in the 
Figur2 2.2 is almost same to angle Ot; 

3) the measurement noise was zero so we omitted the 
miter rts) < 

4) the magnitude of LATAX was 159 meters/second? Ween 
was about 15 Gs. ‘ 

The geometry depicted in Figure 5.2 summarizes the geometric 
ereuation. 
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Figure 5.2 Geometry of Basic LOS Guidance 


For mathmatical convenience of Simulation, we need to 
define the sign of the CRE and the LATAX as follow; 
+{CRE{ =: When the missile position is upper-side of LOS 
-(CRE{ : when the missile position is lower-~side of LOS 
+ {Uj : when the LATAX is upward direction 
- {U0( : when the LATAX is downward direction 
This sign was based on the positive Omp which is defined 


when 6m is greater than 6, ; 


Be PROGRAMMED GUIDANCE PHASE 


Since the major emphasis of this paper was on-off 
control, we assumed that the missile flew along the LOS 
during the programmed guidance phase. But, Ln a practical 
Situation, there is some cross range error which is occured 


by disturbances such as wind, propulsion svstem and 


27 





mieopstlot time delay,etc. Hence we made initialization 


Smemors, and the on-off control started with these errors. 


C. ON-OFF, THRUST VECTOR, MISSILE CONTROL 


The detail of the on-off control was discussed before, 
hence we applied this to the LOS guidance scheme. The block 
diagram of this system is depicted in the Figure 5.3 
{Ref. 3]. 

In order to determine the CRE, the tracker estimates the 
missile's range (Rm), by the elapsed tine of flight and the 
missile's velocity profile. The program of this Simulation 


is attached in Appendix Cc. 
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Figure 5.3 Block Diagram of the Basic LOS Command 


D. SIMULATION RESULTS 


Figure 5.4 shows the missile and target geometry in Xx-Y 
plane. The missile intercepted thea target at the point 


A(2605,1000) with the almost zero miss distance. 
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Figure 5.5 (a) Shows the distance between target and 
missile versus time. The distanc2 decreased lineariy and 


neared zero at the time at 5.58 seconds. 
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Pigure 5.4 The Basic LOS Command 


Figure 5.5(b) shows the CRE versus time. PHewi a2 tsa i 
cross range error at the missile capture time one second 
after firing was about 50 meters. Since the CRE a+ the 
"missile capture time" was positive, the CRE increased 
initially. So the maximum CRE was about 58.2 meters at the 
time 1.330 seconds. Then it decreased to almost zero meter 
See 2.95 seconds. To get a fastar response, we shceuld 


increase the magnitude of the LATAX. We should note here 
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that the CRE does not maintain zero value because we did not 
consider the target motion terms in this phase of tha sim- 
lation ({Ref. 2]. So the missile had some small cross ranges 
error and the BANG-BANG controller had tried to reduce this 
error in a chatter-mode. 

Figure 5.6(a) shows the CRE versus time. Beeg ite) 565 (Db) 


bad e 
shows the CRE versus CRE. As we expected this curve followed 


the SWITCHING FUNCTION as shown ian figure 4.4. Figures 
Beta) and 5. 7 {(b) Show the F versus time and the U versus 
sme . 


This program was tested using maneuvering targets and 


ct 


EOD. Lie 
u 


the results were almost same except the impact posi 
BGUESS 2.5 


results cf this simulation were shown on the Fig 
through 5.11 and the program is attached in Appendix D. The 


comparison cf these Simulations is summarized in Table I. 
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VI. PSEUDO-LOS COMMAND SIMULATION 

The guidance scheme cz the lead angle command is almost 
tha same as that of the basic LOS command. Instead of the 
tracker-to-target line-of-sight this guidance scheme uses 
the tracker-to-estimated impact. point and is called 
Peeeemectic line-of-sight" (SLOS), or "pseudo line-of-sight". 
The missile is controlled to fly along this pseudo line-of- 
Sight. The block diagram of this system is easily modified 
from that of the basic LOS and is shown in Figure 6.1. 


The estimated impact point at the instantious time i 


(n 


m 
calculated by using the "time to go" (Tg) and the "closing 
velocity" (Vc) between the target and the missile. 
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Figure 6.1 Block Diagram of the Pseudo LOS Command Systen 


Byte, 





meeeeclosing velocity" and “time to go" are calculated as 
Een LO Ws 
2 ee 2\% 
Vo = ((vt x-Vmx) - (vey-Vmy) | 
Tg = (distance between target and missile) / Ve 


{ 
((ce- xn? + (vt-Ymj*) 2 / Ve 


The missile goes to the impact point directly. The 
Simulation result is almost same as in the basic LOS case. 
On other hand, this guidance schem= is poor in a ECM situ- 


ene 


These are shown in 


ac2on. lest Eesults we used 
data as that of the basic 


Faguces 6.2 through 6.5 and the summarized results are shown 


order to compare the same 


LOS command. 


in Table II. The computer program is attached in Appendix E. 


TABLE If 
The Pseudo LOS Command Simulation Result 


[oer ere eri: ee 


asa ete: rol) (0 sec 
CRE ( ) 49.912 (m) 
CRED (0) 49.828 (m/séEc) 
etime (MAX.CRE) i255 sec 
CRE (max) 58.184 (m) 
~time (intercept) 255 Sec 
(Xn, Ym (2604.7, 999.92) 
Hse Wega ae 1000.0) 
HE aise 53818 a 
miss-distance ‘ n 
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VII. SIMULATIONS WITH TWO-LEVEL RELAY AND SATURATION CONTROL 


The LOS guidance with an "id3al" relay nas been 
discussed. In this chapter, the effect of the different 
types of lateral acceleration demand are discussed. In 


order to compare the results with the previous simulations, 
the Same parameters were used. 


A. TWO-LEVEL RELAY 


The large magnitude of the LATAX makes a fast response. 
But in the case of small CRE, a smaller magnitude of LATAX 
is needed. This idea was developed in a "two-level" relay as 
shown on the Figures 7.1(a;b). The shaded area on Figure 
Meee) shows the region of a Ilcwer leval of LATAX in the 
"CRE verse CRE" phase plain. It provided the minimum over- 
correction. The computer programs were easily nodified by 
adding one statement, 


tee (({ CREF FICRSED]) .LT. 4) G = s/(N1/N2). 
We used the values 150 m/sec? for N1 and 15 m/sec* for 
N2 and 1.0 for M in the simulations of the basic LOS command 
and the pseudo LOS ccmmand. The results were almost the same 
as the previous, except in the figure for "JU versus time". 
Table III summarized these Simulation results and Figures 
7.2, 7.3 and 7.4 show the "U versus time" of each case. Ths 


programs were attached in Appendix F, G and H. 
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Figure 7.2 U0 versus Time for the Basic LOS Guidance 


B. SATURATING LINEAR CONTROL 


ima. the previous section the two-level relay was 
discussed. The "Sautrating linear control" as depicted in 
the Figure 7.5(a) and 7.5(b) was also studied. The shaded 
area on the Figure 7.5(b) shows the region of linear control 
in the "CRE versus CRE" phase plan2. The computer programs 


were easily modified by adding one statement, 
IF (ABS(F).LE.M) U=-3 * F/S ™. 


mae Value of “M" determines rAcomeiwneads E2gion fOr F. 
The Figures 7.6 through 7.8 show the simulation results of 
the basic LOS command against th2 non-maneuvering target 
case for "Mt agqual 1, 5 and 10. When choosing the value mM" 
equal to "one", the intercept time and miss distance are 
almost the same as the counterpart of the ideal relay case. 
Hence the saturating linear control can be used in practice 
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instead of the ideal relay by choosing a proper value cf 
mm". The summarized results are in the Table IV. 

Figures 7.9 through 7.11 show the reasults of the maneuvering 
target case and Figures 7.12 through 7.14 show the results 
of the pseudo-LOS case. These programs are giver in 


Appendix I, J and K. 
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Figure 7.5 Linear Switching Relay 
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TABLE IV- 
Saturating Linear Control Result (#=1) 
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VIII. CONCLUSION 

The comparision of results for the ideal relay, two- 
level relay and saturating linear control against the basic 
LOS command and pseudo-LOS command against a non-maneuvering 
target and maneuvering target are provided in the Tables V, 
ieand VII. These Simulation results clearly demonstrate 
maar On-OLf" control of a missile is highly desireable and 
Seace saturating linear control" of a missile has little 
adverse effects compared to an "idsal relay" control. 
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TABLE V 
Comparison of the Basic LOS Command Results 


| 
{ | 
| | 
| UNIT IDEAL PWO-LEVEL se SALURALTILON { 
—— — REL AY RELAY CONTROL | 
Pe enero) 120 1220 10) 
{ CRE (Q) 49.910 49.910 49.910 { 
{ CRED (0) 49. 832 $9.832 49.832 
| - time (MAX. CRE) 1.33 1233 1233 | 
CRE (max 58.184 58.184 58.184 | 
| 
time (intercept) Shy alte Sy She: S)Psyte | 
Xn 2604.7 2604.7 2604.7 
{ Yn 999.88 999.88 999.88 i 
CRE 4.33E-5 4.33E-5 4.,33E-5 
| miss-distancs 0.34894 9.34894 0.34894 | 
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time (MAX. CRE) 
CRE (max) 
pt) 


e time (interce 
miss-distancea 


Xm 
Yn 
CRE 





APPENDIX A 
VARIABLES LIST 





ERERRes —FQEEREEE Noo Descarenzos 
CRE CRE cross-range-error 
CRE CRED rate of cross-rang¢e-error change 
F Pr eicioun Se ibheiletwotfe\el 
G G mMagnituds of lateral acceleration 
0 e} missile's lateral acceleration 
Ot SiGE angle between the LOS to target 
and X-axis 
Om SIGM angle between the beam to missils 
and X-axis 
Ont SIGMT angle difference between mand ¢t 
Ve VC Grescsing velocity 
tg TG Pale: sO. JO 
imecontrol) TCON beginning time of on-off control 
SL0'S SLOS synthetic line-of-sight 
Xn XM X-coordinate of missile position 
Yn YM Y-coordinaate of missile position 
Xt XE X-coordinate of target position 
| Yc se ab Y-coordinate of target position 
Vn VM velocity of the missile 
V+ Vr velocity of the target 
| Vmx V MX X-componant of missile's velocity 
Vny VMY Y-component of missile's velocity 
Vtx VTX X-componeant of target's velocity 
Vty MEY Y-compon2nt of target's velocity 
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PROGRAM OF THE SWICHING FUNCTION 


DERIVATIVE 
eK KK KK 
NOSORT 


Me He ae ake ee eK ok 
* 


) 7 (2*G) 
CALL ENDJOB 


RED*ACRED 
a] 
U 


nema 
O04 CL fea 
OmOoUUAIH 


SAMPLE 


TERMINAL 


) 


CALL BEA bea. 
LT=0.01,DELS=0.)1 
0.1,G,F,9, CRE,CRED 


CONTRL FINTIM=2.1,D 


PRINT 
END 
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STOP 





APPENDIX C 
PROGRAK OF THE BASIC COMMAND TO LOS 


Cer L E BA ote ee OMMAND ATO. LO. S 
mL & WITH IDEAL RELAY 
TITLE Ferre 1 EON, day. eke se 
INTEG RKSF 
INTGER NPLOL, KILL 
CONST NPLOT= 1 eT CON=1.0 
Goust VM=500.,VT=250, PT=3.141593, KILL=0 
INITIAL 
XTQ = 4900. 
YTO = 1000. 
GAMT = PI 
fs F = 0. 
2 OR Gi OO RR iO i OR i oe ek ok 
DERIVATIVE 
$e RO I I I RRR OR RC OR eo 
NOSORT 


WE HE He ME He Me Me ee ee He aK ee HE Ee ee eK OK 
xk* TARGET EARAMETERS *** 
Me HK Me Me Me Me Me Me Me eA KK KE oe KK OK 
VTX = VT*COS (GAMT 
Vea Pe St N(GANTL 
Coe OVE Ree + IPO 
YEo= ViNSTOus + ie 
SIGT = ATAN2(YT,XT) 
IF (LIME.GE. CON) GO TO 50 
We He He He He HK He He oe Oe ae eae eae Ae ee ee oe ek oe 
ee* MISSLE PARAMETERS *** 
MME HME eK KE HK He ie Ke KK he He ea eK oe eK aK 
* PROGRAMMED GUIDANCE 8% % HH R RRR ER RK RK RRR KK RK RK KK 
x 


SIGM = SIGT+0.1 

VXM = VM * COS (STG 

VYM = VM * SIN(SISM 

XM = INEGRL(O.,VXM 

YM = ENTGRE (0; vm) 

RM = SORT (XM**2 + Yu**2) 
SIGMT = SIGM - SIST 

CRE = RM * SIN(SIGMT) 
CRED = DERIV(0. ,CRE) 

GO TO 200 


HAC eR RO FO RO AR ER OK oe 
* ON-OFF GUIDANCE {P aNGe BANG goo TRIE) Fa Raa ee eI a Ae 0 oie Mee ae Ae AEE 


He He a oe He He ake ote He ate fe KK he oe Ke ee oe ke ie oe KK eK 
bg 
50 CONTINUE 

G = 150. 
ACRED = ABS (CRED) 
F = CRE + (CRED*AC RED) / (2*3) 
0 =-G * SIGN(1. cb 
CRED = INTGRL(0.90 

; CRE = INTGRL( REE RED 
RM = VMXTIME 
A3 = CRE/RM 
SIGMT = ARSIN(A3) 
SIGM = SIGT + SIGMT 
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Re ee ee Ike NORD dre Ree Wee hs ee 
: 200 CONTINUES 


ME AE HE AR HE AE EE A EK AE AE EE AE IE eK eK Ee eK he ee IE Ae Ro ee I Ee OK KOK KK KR 


SEF MISSION RESULI **¥** KILL Oe eeeGrt ~ MISSED 
MRK RK ARK AKKKKKKKKKK OKI LEG eee oGl DESTROYED 


XDIST = XTI-XsS 

eoerSst = t= yn" 

PRS teeaesOR TR DLS ees? + YOLEST** 2) 
iia i Sa Tee KILL = 1 
POTS «Gil.o KILL = Q 

IF (XM .GT. (XT+30)) CALL ENDJOB 


SORT 

tO OR OO RR IO i ak a a oo a ek ek 
KKKKKX OUTPUT AND ELOT CONTROL CARD *# #2 2 HK KKK RK KK 
ee He eC eR RI I ROR I RC oR RO 


SAMPLE 


CALL DRWG to eae yt 

CALL DRWG(1,2,XT,YT 

Gai DinG(2, ly bbb, DLST) 

Chih DRWs(3,1,TLNE ,CRE 

CALL DRWG 4,1, TIME,CRE ) 

CALL DRWG(5,1,CRE, CRED) 

CALL DRUG Seqearte a 

ChrEL DkWot?,1,TLIME,v 
TERMINAL 

CALL ENDRW (NPLOT) 
CONTRL FINTIM=6. 0, DELT=0.001,DELS=0. 003 
aon Wao, Aleta, fi s,enu, RED,DEST, KILL 
SO P 
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APPENDIX D 


PROGRAM OF THE MANEUVERING TARGET 


PTTL E BASIC COMMAND TO LOS 
iar LE WITH MANEUVERING IGT 
TITLE mete YEUN, J.Y. “%* 
INTEG RKSEX 
INTGER NELOD KILL 
CONST NPLOT=1,TCON=1.0 
egis T VM=500. ,VT=250, PI=3.141593, KILL=0 
INITIAL 
XTO = 4000. 
wi0p- 1000. 
GAMT = PI 
: P= 0. 
HC I I RK FO RO RO ORK ROKK tk Se a KK KK KK 
DERIVATIVE 
HHH eH HH I KR KK KK KKK KKK KK EEK KX 
NOSORT 


MEM KK KK KE KK KK KKK KK 


Bev CARGET PARAMETERS **¥* 
He A HC He I KK KK 


VIX = VT*COS (GAMT) 
VTY = VT*SIN (GAMT) 
XT = VIX*FTIME + XTO 
YT = RG > ae *TIME) +¥TO 
SIGT = BEencG i.) 
py gy Dae es CON) GO TO 50 
ete He OK eK KK eK KK RK KK KK 


SeemecetooLE FARAMETERS *** 
KK KR oe eK KK KKK 


* PROGRAMMED GUILDANC EB 4% 26 RK RK KK a eo ea ok dE 
& 


SIGM = SIGT+0.1 

VXM = VM * Cos (STS 

VYM = VM * SIN(SIGM 

XM = INTGRL(O.,VXM 

IM = INTGRL(O.,-VYM 

RM = SQRT (x a*D ¢ YM 2) 
Sent =o te w= Shs tT 

CRE = RM * SIN(SIGMT) 
CRED = DERIV(0.,CRE) 

GO TO 200 


MEK He He He eK he KK KK eK eK KK KK KKK KK 
* ON-OFF GUIDANCE (BANG-BANG CONTROL) *###*k# HHH Hex tH HoH HH 


Mee He ke Ke ke he ke ee ke ee Ke KK KKK KKK XK 
* 
. ay CONTINUE 
= 150. 
ACRED = ABS (CRED) 
F = CRE + ( RED*AC RED) / (23) 
0 = -G * SIGN(1. F) 
CRED = INTGRL(0.0 ) 
CRE = LNTGRE | RE,CRED) 
. ACRE = ABS (CRE) 
RM .= VM®TIME 
A3 = CRE/RM 
SIGMT = ARSIN(A3) 
SIGM = SIGT + SIGMT 
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ies RS STH peta my 
Ve Rak SEN (SL G) 
He A a A a RR a Re a a a eK KK RK KK KK 


: 200 CONTINUE 
He HE He 2 a ae ee a a ee 2 a a a a a KK KK eK OK KK RK KK EK 


Smee LON RESULT “*** KILL = 0 3; TGT MISSED 
eK KK RK KR REKKK KX KILL = 1°: =TGL DESTROYED 
XDIST XT- XM 
DEST 8 aaa Si 
DiS 


See ame eee toes on eZ) 
so ae eee 


re 
bey 
oan bs 
oOo 
ta eit 
Aah Wu 


Ak ore e 
f 2 6213) ok bie 0 
il AM .GST. (2 +30) y CALL ENDJOB 


FL 
AR 2 ae 2 fe 2 a ee a ee a a 2 ae oe 2 ea ee a ea eke ak eo ak a a ak ek 


eeRKKEKE OUTPUT AND PLOT CONTROL CARD ¥®##* ## KKK KK RK RK KEK RK 
TELE SOCCOS£L OOS SST SESSOS OSS ELST SSS ESE S SSL CLE Le eS St ee Se 


SAMPLE 


CALL DRNG Ve Je XMe LM) 
CALL DRWG(1,2,XT,YT 
CALL DRWG(2,1, TIME, DIST) 
CALL DRWG(3,1,TIME CRE 
CALL DRWG(4,1,TIME,CRED) 
CALL DRWG(5.1,-CRE, CRED) 
ENLL DRS (6. 1. TIME, F) 
CALL DRWG(7,1¢TIME,U 
TERMINAL 
CALL ENDRW (NPLOT) 
CONTRL FINTIM=5. 9, DELT=0.00 1, DELS=0. 003 
PRINT 0.005, 440M. <7. YT-CRE CRED, DIST, KILL 
STOP 
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APPENDIX 
PROGRAM OF THE COMMAND [0 PSEUDO-LOS 


mel E PSEUDO - LOS COMMAND 
TITLE WITH IDEAL RELAY 
Perl E sete YEUN, JY. F#* 
INTEG RKSFX 
INTGER NPLOT, KILL 
CONST NPLOT=1,ICON=1.0 
CONST VM=500. ,VT=250, PTI=3.141593, KILL=0 
INITIAL 
XTO = 4000. 
YTO = 1000. 
TG = Q. 
fF = 0. 
: GAMT = PI 
OC i dik oi dak 2k ak kok dake dick kkk kok keke ke eae i ak 
DERIVATIVE 
oe ee ee ke ke kee ee a ae oe ake eae a i oe ke ae eo ek a ee ae ee ee eke ok ok ok 
NOSORT 


We Re RE we KE he he he He He he eae ee ae ee oe oe Oe ee oe 


SSS OTARGET FPARAMETERS *** 
Hee ee a eK dk eK 


VTX = VT*COS aur 
VTY = VI*SIN(GAMT 
XPo= VISFDIee + xo 
YT = VIY*TEME + YTO 
SIGT = Ne er pXT) 
XLOS = + x4TG 
YLOS = rT SVG aio 
SLOS = ATAN2(YLOS, 


XLOS) 

Te -(TIME.GE.ICON) GO TO 50 
Fe RO ke eR a ke cate oie ak a ace oe oe 
Beme tools PARAMETERS **** 
TPL eee Se See Lt et eee St ee 


* PROGRAMMED GUIDANCE 2 242% 202 2 oe 2 2 oe 2k ee ee eee ao ee ek kak oe 
x 


SIGM = SLOS + 0.1 

VMX = VM x COS (SIG i 

VMY = VM * SIN(SIGM 

XM = INTGRL(Q. 4 VE & 

YM = INTGRLIO..VMY 

RM = SORT (Xe * 2 + YM**2) 
SIGMS = SIGH - SLOS 

CRE = RM * SIN(SIGMS) 
CRED = DERIV (0. ,CRE) 


Tg 2nU 
yk a ok ok go a a 


* ON-OFF GUIDANCE oe BANG CONTROL) Cee eR RARE HES TLR ERE 
He ee a oe ke Ke ao EE a a ei eK ok 


50 CONTINUE 
G = 150. 
ACRED = ABS (CRED) 
F = CRE + (CRED*AC RED) / (2) 
Y= -G * SIGN(1..F) 
CRED = INTGRL(O.0, ) 
p CRE = INIGRL(CRE, CRED) 
RM = VM¥TIME 
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A3 = CRE/SRM 
SIGMS = ARSIN(A3) 
Soles oO S + SIGNS 
VMX = VM * STH elas 
NM = Vilee* SIN(SEQS 
XM = RM * SIN fete 
ie eee te OLN (STG 
se A eC a a ate oe ae RK a ea ke a oe eK KK RK RE KK 


a 200 CONTINUE 


AR eK eK a ote he Ke a ee I oe a i ae ote ee 2 oe eK eK oe eK OK eK KK eK OK KK 


*k* MISSION RESULT *** KILL ; IGT MISSED 
RK RR KKK KK KKK KKK OKT LE : TGT DESTROYED 


Woo 
mak 


ADISH™ = XI-ka 

YDist = YT" 

Di Sle = rey Koo oS eee ST = 2) 

N Gat=e 7S ORT em meron ee NLS 2) 
TG = DIST/VC 

eel Stee. > KILL = 1 

MS (OIST.GI1.5 KILL = 0 

IF (XM .GT. (XT+30)) CALL ENDJOB 


x 


Sor tT 
Ree He oe he ake ce a ete i ee fe Ee i ete oe eK oe 2 Ke oe ee eK eK eK ok 


Ake OUTPUT AND PLOT CONTROL CARD 2% 2% % 20:8 oko ok ok ek Bok OK 


we ote he ate ae kc he Hee ae ke ke he hee ke te oe eo te te oe ie ode ke oe KK oe he koe ok oe KK ie oe eke oe Kk eK ake 
SAMPLE 

CALL DRWG Ved EHe EM) 

CALL DRWG(1,2,XT.YT 

CALL DRWG(2,1,TIME, DIST) 

CALL DRWG 31, TIME CRE) 

CALL DRWG(4,1,TIME,CRED) 

CALL DRWG(5,1,CRE, CRED) 

CALL DRWG(6,1,TIME, F) 

CALL DRWG(7,1-TIME,U) 
TERMINAL 

CALL ENDRW (NPLOT) 
CONTRL FINTIM=5. 9, DELT=0.001 ,DELS=0.902 
PRINT 0.1,TG, XMp YM ,XT,YT, CRE,CRED, DIST, KILL 
EN 
STOP 
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APPENDIX F 


PROGRAS OF THE BASIC COMMAND TO LIS WITH TWO-LEVEL RELAY 


Pee L e BASIC COMMAND TO L.O.S 
mol’ E WITH TWO LEVEL RELAY 
mack E Tee LeU Ng ol. MEK 
INTEG RKSFX 
INTGER NPLOT,KILL 
CONS T NPLOT=1,2CON=1.0 
CONS T VM=500.,VT=250, PI= 3.141593, KILL=0 
INITIAL 
XTQO = 4000. 
YTO = 1000. 
GAMT = PI 
: F = 0. 
246 RC eR 2 A Re ee Ree ee ee ai ee ee ee ee a ee ee OK ek KK 
DERIVATIVE 
HO ee ARC CC CC ee Ce ee RR eR eR oe a Oe Ce ee ete ak eK OK a oe 
NOSORT 


HR He He He He He He ee He oe ee ee ee ee oe ee He 


gen TARGET PARAMETERS **¥* 
ee Ce ee ee eK eK a 


VTX = VT*COS GANT) 

VIY = VT*SIN(GAMI 

XT = VIX* TIME + XTO 

YT = VTUY*TIME + YTO 

SIGT = ATAN2 (¥ YT,XT) 
TIME.GE.ICON) GO TO 50 


We AE He Ke We Ie he ee ee oe ee ee eK He ee Ke 


eek MISSLE PARAMETERS *%* 
WE REE KE He HE HE He He He He ee ee ee ee He Ke He 

* PROGRAMMED GUILDANC BE Wx MARK HK Re HE Ke Ke ee He KK ee KE OK KK KK 
* 


SfGM = SEGT+0.1 


VXM = VM * COS{SIGM 
VYM = VM * SIN(SIGM 

XM = INTGRL(O.,VXM 

YM = INIGRL(O.,VYM 

RM = SORT ( xD + YM**2) 
SIGMT = SIGM - SIGT 

CRE = RM * SIN(SIGMT) 
CRED = DERIV(0.,CRB) 

GO TO 200 


Me HEA HE eK he He oe He eK eee ee he eK ee ee 


* ON-OFF GUIDANCE es BANG po ON EROL, He EIN eA AE HE Mee AE Ae, AE Ae He Ae Te 
Heke Hee oe eK ee eK ek KK KKK KKK H 
* 


50 CONTINUE 
G = 150. 
ACRE = Paees 
ACRED = ABS (CRED) 
Metta CREHACRED) 9 4LTs 1.) & = 15 
F = CRESt eRe Aci? 4's G) 
0 = -G * SIGN(1. 
CRED = INTGRL(O.0, 

: CRE = INEIGRL(CRE,CRED) 

RM = VM*¥TIME 
A3 = CRE/RM 
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SIGMT = ARSIN(A3) 

SIGM = SIGT + SIGMT 

XM = RM * COS (SIS Hh) 

YM = RM * SIN(SIGM 
WEAK OK A KK ee i he ee eo i EK ae Ce eee he ee ee ee OK eK ee eK IK OK KK OK KK KK 
, 200 CONTINUE 


MEE TE He EK eK KE I OK ie ee OK Ke KK i eK oe ie eK KK KK KK KK KKK KK 


**& MISSION RESULT *** KILL = 0 ; TIGI MISSED 
KKK KKK KKK KKK KKK KK OKT LET i) = TGT DESTROYED 


SBIST = XI-XM 

YOu = Yr=eyn" 

Dest OORT (XDIS@ER2 + YDISTAE2) 
Paolo 2. LESS KILL = 1 

Pic Sh GT.) KILL = 0 

IF (XM .GT. (XT+30))CALL ENDJOB 


oa 

SORT 

FCO Go kr ga i toiok dadeg tok ok tokio dk dk ok ko kk kkk a 
keekKKKKE OUTPUT AND ELOT CONTROL CARD *%*#% Kx KKK KKK KKK KE KK 
StL eLSCCCoS SOS SS SLES SSCS oS SSCS CSS Se LETTE Te Se ee eer eS te S 


SAMPLE 


CALL DRWG 1 EHe EM 

CALL DRWG(1,2,XT,YT 

CALL DRWG(2,1,TIME,DIST) 

CALL DRWG(3,1,TIME,CR2) 

CALL DRWG(4,1,TIME,CRED) 

CALL DRWG(5,1,CRE, CRED) 

CALL DRWG 6.1, TINE +) 

CALL DRWG(7,1,TIME,U 
TERMINAL 

CALL ENDRW (NPLOT) 
CONTRL FINTIM=5. 9, DELT=0.001,DELS=0. 003 
PRINT 0.005, 4M,YM, XT, YT, CRE, CRED, DIS?, KILL 
STOP 
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PROGRAM OF THE MANEUVERING TARGET WITH TWO-LEVEL RELAY 


TITLE BASIC COMMAND TO LOS 
PIT E WITH MANEUVERING IGT 
TITLE eee YEUN, JY. ** 
INTEG RKSFX 
INTGER NPLOT,KILL 
CONST NPLOT=1,I°CON=1.0 
CONST ¥M=500. ,VT=250, PI=3.141593, KILL=0 
INITIAL 
XTO = 4000. 
¥TO = 1000. 
GAMT = PI 
: FP = 0. 
EME EK 2 ee KK a ee ee Ke eK KO KK Ke eK ee eK OK KK KK a ee KKK KKK KKK 
DERIVATIVE 
eRe He AS He ee eK he ee ee EK KK KK KK KK KK KKK KKK KK KKK KKK KK KEK KKK 
NOSORT 


Wee Ee ee ee ee ek KK eK eK KK Ke 


eer TARGET PARAMETERS **¥* 
eI KK KK KK KKK 


VDY = VT*STN 


VTX = VT*COS(GAMT 
GAMT 
XT = VIX*TIME + XTO 
YT = 100*SIN(0.5*D L*TIMZ) +Y TO 
SIGT = ATAN2 (YT XT) 
IF (TIME.GE.1CO%) GO TO 50 
Me Ke OK ee a eK KKK KK KK KK 


Zoe taaLe PARAMETERS" *** 
fe ok ok eek oe ok kk OK 


* DROGRAMMED SUIDANCE ***#® KH RKREKK KKK RK KEK ARKH K RK KKK KKK KKK 
* 


SIGM = SIGT+0.1 
XM = VM * cos (sigs 
VYM = VM * SIN(SIG™ 
XM = INTGRL(O.,VX™M 
YM = INDGRL(O..VY™M 
RM = SORT (x **5 4 YM **2) 
SIGMT = SIGM - SIGT 
CRE = RM * SIN(SIGMT) 
CRED = DERIV(0.,CRE) 
GO TO 200 


Me eK oe eK i eK KK KK KKK KKK KK 

* ON-OFF GUIDANCE (BANG-BANG CONTROL) #####44 tie 44s ta He 
Me Ke ee ee eK eK KK KK KK KKK KKK KK 

* 


x CONTINUE 
G = 150. 
ACRE = ABS (CRE) 
ACRED = ABS (CRED) 
IF ((ACRE#tACRED) LT. 1.) G = 15. 
F = CRE + (CRED#*ACRED) / (2*S) 
U =-G * SESN( 1. F) 
CRED = INTGRL(0.6, 0) 
CRE = INIGRL(CRE,CRED) 
, ACRE = ABS (CRE) 
RM = VM*TIME 
a3 = CRE/RM 
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SIGMT = ARSIN(A3) 

SIGM = SIGT + SIGMT 

XM = RM * COS (STG M} 

YM = RM * SIN(SIGM 
We He A eK KK Ae He He ete ee HK eK Ko oe ee ee OE eK KK KK KK 
, 200 CONTINUE 


CoS RSLS SSCS LCS SSP SLES SOSSS Oe SSS OSS SCS S SSS CS SCS SCS LSS SSE SS SS 
*** MISSION RESULT *** KILL = 0 ; TGT MISSED 
Ke KK KKK KKH KKK KKK OUOK TLL EG 1 = TGT DESTROYED 

XDIST = XT-XM 


YDust = Y1="5 

Doe = SS ORTUDISTRAZ + YDIST**2) 
Poo «LE. S KILL = 1 

EO Loto. G1.5 ae ees, 

IF (XM .GT. (XT+30)) CALL ENDJOB 


2 


SORT 
He RR Fe RR I RR RR Fe ee eae te eae ee eo aK 


KeKKKEKKXK OUTPUT AND BLOT CONTROL CARD *%%% ® kK KaK KK RK KK RK KR 
EH HE He ee a eR eo a a a ea eK ek 


SAMPLE 

CALL DRUWG Ve deXMe YM) 

CALL DRWG(1,2,XT.YT 

CALL DRWG(2,1,TIME, DIST) 

CALL DRWG(3,1,TIME,CRE) 

CALL DRWG(4,1,TIME CRED) 

CALL DRWG(5,1,CRE, CRED) 

CALL DRWG 641, TINE 6) 

CALL DRWG(7,1,TIME.U 
TERMINAL 

Gx ENDRW (NPLOT) 
CONTRL FINTIM=5. 9, DELT=0.001,DELS=0. 003 
PRINT 0.005, XM,YM, XT, YT, CRE, CRED, DIST, KILL 
STOP 


eZ 





APPENDIX 9G 


PROGRAM OF THE COMMAND TO PSEUDO-LOS WITH TWO-LEVEL RELAY 


en LE PSEUDO = LCOS COMM AND 
RLTLE WITH TWO-LEVEL RELAY 
mT Le here LEON, J.Y. se ee* 
INTEG RKSFX 
INTGER NPLOT, KILL 
CONST NPLOT=1,TCON=1.0 
CONST VM=500. ,V¥T=250, PI=3.141593, KILL=0 
INITIAL 
XTO = 4000. 
YTO = 1000. 
TG = 0. 
GAMT = PI 
2 F = 0. 
HK HK HK KK RK KK RK KK KE KERR RK KKK EK KKK RK KEK 
DERIVATIVE 
$e eo 3 3 HK KK KK ORK KKK KK KK KR KK RK KK KEK RK KKK KKK KKK 
NOSORT 


Me HE He Ee He ee Ee He Ke ee ee Ke eK eK Ke 


BeeeeLARGET PARAMETERS *** 
KK KK KKK KKH KKK KK RK KK KKK 


VTX = VT*COS GANT) 

VTY = VT*XSIN(GAME 

XT = VEIX*TIME + XTO 

YT = VI YeTIME + YTO 

SIGT = AT AN 2 YT, XT) 

XLOS = + Tx $1 

YLOS = + VT 

SLOS = i AN2 YLOS~ XLOS) 

IF (LIME.GE.TCON) GO TO 5) 
eM Hee He he oe i ae ee Ke ic ake eek OK KKK 


*e* MISSLE FARAMETERS 4% 

TT e eet eCTee et ee See ee st ee 

* PROGRAMMED GUIDANC EF 4% 40383 4 ee Ke ee a cae ek ok 
x 


Suen = SLOSS + 0.1 

VMX = VM * COS(SIGM 

VMY = VM * SIN(SIGM 

XM = INTGRL(O.,VMX 

YM = INTGRL(O.,VMY 

RM = SORT ( i **D + YM **2) 
SIGMS = SIGM - SLOS 

CRE = RM * SIN (52S HS) 
CRED = DERIV(0.,CRE) 


O 
| 
O 
ho 
=) 
>) 


G 
HK KK Hk KK RK KK OR aK 
* ON-OFF GUIDANCE ES peaG gr ON TRIE) ea I Pe eM AE ME AE Re A 


PPLE SSS ES SPL SSS SS SS SS SSS > S 
4 
50 CONTINUE 

G = 150. 
ACRE = ABS (CRE) 
ACRED = AB (cR 
IF ((ACRE+ACRED ait = = 15 
F = CRE + (CRE Ree Dy (Dee 
U = -G * SIGN(1. F), 
CRED = INTGRL(O.O ) 
CRE = INTGRL( oR ER D) 
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RM = VM*¥TIME 

A3 = CRE/RM 

SIGMS = ARSIN(A3) 

SIGM = SLOS + SIGMS 
VIPxX = Vi COS (SLOS 
VMY = VM * SIN(SLOS 
XM = RM * COS (SIGM 
ve = BRM * SIN(SIGM 

Fe RR OK OK RK oo KK KK KK KK 


. 200 CONTINUE 


FE HE He HEC KK I KK oe EK I ae ee i Ko ee i ee Ao He a ie ee ee KK OK ok KK Kk 


*k* MISSION RESULT *** KILL vee: @Gr MESSED 
$k ok ok ek kok kk kk tok ek UK TEU 1: #TGLT DESTROYED 


XDIST = XT-XM 
YDIST = YT-YM 
DIST = SORT(XDIST**2 + YDIST**2) 
VC = SORT ( (VEX-VNX) ##2+ (VEY- VY) **2) 
TG = DIST/YC 
IF (DIST -LE.5) KILL = 7 
EEMOmST 167.5) . KILL = 0 
‘ IF (XM .GT. (£1430) ) CALL ENDJOB 
SORT 


TST ESISCOLSSSOS SLOSS SOSOS OSCE SSSCOSSSCS£S SCS CSS SS SSS ES ee Se St et 
KeKKK KK OUTPUT AND PLOT CONTROL CARD % 3% 22K 2K 4K 4 OK a 
SCCSECLSSOL SS SSESOSL SSC SSOCSSOSSCSCOCSCO SL CSET ET eS ee ee Se SSeS 


SAMPLE 


CALL DRWG(1,1,-XM,YM 

CALL DRWG(1,2,XT,YT 

CALL DRWG(2,1,TIME, DIST) 

CALL DRWG(3,1eTIME,CRE 

CALL DRNG (4,1, TIME, CRED) 

CALL DRWG(5 «1eCRE, CRED 

CALL DRWG(6,1,TIME,F 

CALL DRNWG 474 STME OG 
TERMINAL 

CALL ENDRW (NPLOT) 
CONTRL FINTIM=5.7,DELT=0.001 ,DELS=0.003 
PRINT O. 1,TG, XM, YM XT, YT, CRE,CRED, DIST, KILL 
STOP 


74 





APPENDIX I 


=: BE 2 ae ES aoe 


PROGRAM OF THE BASIC COMMAND TO LOS WITH SATURATION CONTROL 


TITLE BASIC COMMAND TO L.O.S 
TITLE MISSLE CONT 
TITLE WITH SATURATION CONTROL 
INTEG RK SFX 
INTGER NPLOT,KILL, CUR 
CONST NPLOT£1,TCON=1.0,C UR=1 
CONST VM=500.,VT=250, PI= 3.141593, KILL=0 
PARAM M = 10. 
INITIAL 
XTO = 4000. 
YTO = 1000. 
GAMT = PTI 
: F =0. 
(Pt? Se SPSS SSeS LS SSS t+ OS SSL St SL St OPS SLL LSE L SSS St SES St SDSS BSS SSS D+ BS > SD 
DERIVATIVE 
FO OR IOI GO OR GIGI Jaf II IORI OR I Ia aI iC ok oie ak ak of a of akc ke ica kee oe 
NOSORT 


FE HCI He i ee He ie ek ee ae ea oe ek ee oe 


ea TARGET PARAMETERS *** 
FRO IR I eo I tok 


VTX = VT*COS gaat) 

VTY = VT*¥SIN(GAMT 

XT = VEIX*TIME + XTO 

YT = VIY*TIME + YTO 

mete MAA NYT, xT) : 
IF (TIME.GE.TCON) GO TO 50 


eH He KK ee fe he He ee kK ee Ke aK te 


mee GM ESSLE PARAMETERS *** 
ek a RK 


* PROGRAMMED GUIDANCE 2% 2034 38 ROK ER 9K fk dR ok kok aoe ee ak ok 
~ 


= SIGT+0 





SIGM 1 
XM = VM * COS (Sigs 

VYM = VM * SIN(SIGM 
XM = INTGRL(O.,VX™ 
YM = INTGRL(O.,VYM 
RM = SORT ( **D + YM**2) 
SIGME = SIGM - SIGT 
CRE = RM * SIN(SIGMT) 
CRED = DERIV(0.,CRB) 
GO TO 200 

she aK ae a eae ae ae ae oe fe oe oe ee ote see ae oe ee i oe eK ok 


* ON-OFF GUIDANCE (BANG-BANG CONTROL) #44: so sack dk 4 tk 
We He ee ee ee i ae fe ke ae ae oe a ee a ok eK oe aK ok 
* 


50 CONTINUE 
= 150. 
ACRED = ABS (CRED) 
F = CRE + ( CRED*ACRED) / (2*6) 
0 =-G * SIGN(1.,F) 
IF (ABS (F) .LT. M) U= -G*P/M 
CRED = IN GRL(0.0 u) 
s CRE = INTGRL(CRE,CRED) 

RM = VMETIME 
A3 = CRE/RM 
SIGMT = ARSIN(A3) 
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SLGN = SIGT + SIGMT 
XM = RM * STW (Stem 
YM = RM * SIN(SIGM 
fo KOK OK KK kgok kkk RK kkk KKK OK KK KK KK KK KK KK 


‘ 200 CONTINUE 


EE KK he I EK AEE ee RE eee ee Re He ie ee ee ee Oe RK oe HK Ke OK ee KK 


*#=x MISSION RESULI *** KILL eR Ss ues oe, 
KK RK KK KKK KK 6URKTTULELUL Ss etGlE DESTROYED 


al 
=a O 


LDESt = s tn 

Dota a oOr CCD IS Tee? + YDISTR*2) 
Te Tet Sates KILL = 1 

Eto es ©. Gh.5> KILL = 0 


x 


SOU 
Hee RK ee ee ek eo eK ie kk ek i ke ee a ek oe a oe ke ak oe eo a 


keeKKEKK OUTPUT AND PLOT CONTROL CARD *®* RK RRR K KKK KK RX 
CR ak kk fa i kak dak cok ok 


SAMPLE 
Cat DRG 1,CUR, XM, , iM) 
CALL DRWG(2,CUR,TI ME, DIST) 
CALL DRWG(3,CUR,TIME, nCRE) 
CALL DRWG 4 CUR, CRE CRED 
CALL DRWG(5,CUR,TIME, F 
CALL DRWG(6 -CUR, TEMES i 
TERMINAL 
IF (CUR .EQ. 3) CALL ENDRW(NPLOT) 
CUR = CUR + 1 
CONTRL FINTIM=5. 65,DELT=0.001, DELS=).003 
PRINT 0.005,XM,YM, XT, YT, CRE, CRED, DIST, KILL 
PARAM M=5. 
END 
PARAM M= 1. 
END 
STOP 
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APPENDIX J 


PROGRAA OF THE MANEUVERING TARGET WITH SATURATION CONTROL 


TITLE BASIC COMMAND TO LOS 
TITLE MANEUVERING 2G T), 
TITLE WITH SATURATION CONTROL 
INTEG RKSFX 
INTGER NPLOT,KILL,CUR 
CONST NPLOT=1,1CON=1.0,CUR=1 
CONST VM=500. .VT=250, PL=3.141593, KILL=0 
PARAM M = 10. 
INITIAL 
XTO = 4OOO. 
YTO = 1000. 
GAMT = PI 
: F = 0. 
Re oe oe fee oe fe fe akc fe ake ote oe ke hee ie ok ok he eK ok i koe ie oo ie oe ie eK OK ok KOK ke KK eK KK ok KK ae kK KK 
DERIVATIVE 
we ok He eke Mee Ke ie ke ok oe oe eae ai ok oe ke ee ie oe kk ie eK ee KKK OK KK OK eo Ka KKK KKK KK KKK KKK 
NOSOR 


- 
eK eK tk & eK KK KKK KK KKK K K 
eee TARGET PARAMETERS *** 
oR eR KK OK ok ok Kk ok OK KK 
VTX = WPeSrN (GAM 


Neloy VT*SIN(GAMT 
XT = VIX*TIME + XTO 
= SOATANZ(ER GET) 


T) 
IF ({ TCON) GO TO 50 
eC a a Ck tok ke OK 
#e* MISSILE FARAMETERS *## 
Tc Peete Steer Tee ete e et tes 
* PROGRAMMED GULDANCE **#%* #XXREREEK KEK REE KKK RRR KOK KKK KEK EK 
“* 


SIGM = SIGT+0.1 
VXM = VM * COS (STG i 
VYM = VM * SIN(SIGM 
XM = INIGRL(O.,VXM 
YM = INTGRL(O.,VYM 
RM = SORT (x *x2 + YM*E2) 
SIGMT = SIGM - SIST 
CRF = RM * SIN(SIGMT) 
CRED = DERIV(0~,CRE) 
GO TO 200 
we 2 ae ote OK oe ok ke he He fe oe he eke oe ee KE kK KKK KKK KK 
* ON-OFF GUIDANCE (BANG-BANG CONTROL) *###444 t4e+ tae 44444 48 
Mem eK ok eK KK kok KKK Ke KKK KKK KK KK 
eB 
50 CONTINUE 
= 150. 
ACRED = ABS (CRED) 
F = CRE + RED*AC RED) / (2*S) 
=e=Gut SICN(1s,F) 
IF (ABS ( .LT.M) U=-G*F /M 
CRED = NEGRIL (0.0 
CRE = INIGRL(CRE,CRED) 
: ACRE = ABS (CRE) 
RM = VMETIME 
A3 = CRE/RM 
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SIGMT = ARSIN(A3) 

SIGM = SIGT + SIGMT 

XM = RM * Gos (STG im) 

YM = RM * SIN(SIGM 
2 He HR Re RR RR ee Re a a Re oe OK KK oe ok eK oe Kok KKK EK KK 
> 200 CONTINUE 
Tt T eC CSCC OCS SSS SSCS SS Se SSS SSS SS SS Te eee ee ee Se ee se ee eS 
*** MISSION RESULE *** KILL = Q ; TGT MISSED 
wR KE 6 KIEL = 12: «#+TGT DESTROYED 

XDIST = XT- XM 

YDIST = YT~-YM 

DIST = SQRT(XDIST**2 + YDIST**2) 

Pees 1 4B 2) KELL = 7% 

Peo LS To. GLe5 KILL = Q 


rs 


SORT 
oe He Ee 2 ee ee 2 ee a ee KK KK KE 


Kk OUTPUT AND PLOT CONTROL CARD 22% 2 2 362 203 oe 3 02k oe stoke ok a ek 
ee 2 2k ke 3 ee 2 i A 2 A 2 2 eR fe eR fe oi oe 2 ee ok oe oe 


SAMPLE 
CALL DRWG(1,CUR,XM,YM) 
CALL DRWG(2,CUR,TI ME, DIST) 
CALL DRWG 3 CUR, TT ME, CRE) 
CALL DRWG(4,CUR,CRE,CRED 
CALL DRWG(5,CUR,TIME, F) 
CALL DRWG (6 ,CUR,TI ME, U) 
TERMINAL 
IF (CUR 220 3) CALL ENDRW(NPLOT) 
CUR = CUR 
CONTRI FINTIM=5. 65 SELT=0 .001, DELS=0.003 
NT .005, XM HPA XT, YT, CRE, CRED, DIST, KILL 
PARAM M= 5S. 
END 
PARAM M= 1. 
END 
STOP 
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APPENDIX K 

PROGRAM OF THE COMMAND TO PSRUDO-LOS WITH SATURAPION CONTROL 
TITLE PSEUDO - LOS COMMAND 
TITLE WITH SATURATION CONTROL 
TITLE axxee YEUN, JeY. ***** 
INTEG RKSFX 
INTGER NPLOT,KILL,CUR 
CONST NPLOT=1,1CON=1.0,CUR= 
CONST VM=500. ,VT=250, Pf = 3.141593, KILL=0 
PARAM M = 10. 
INITIAL 

XTO = 4000. 

YTO = 1000. 

TG = 0. 

GAMT = PI 
‘ F = 0, 
she ote she she He he Hohe ae oe he oe ate ke ete See ke ee ee ke eek ee ek a eee eK KKK KK KKK KK KKK 
DERIVATIVE 
+ oo ee ote PSS PSP SS SPtS SEL SSP LS BSPtSPt+S StS PEL SEP SSS SSS SDS SS > SS > BS > > 3 
NOSORT 
Me te he ke oe he ee eee eee ee a ee eK KK 
*k* TARGET PARAMETERS *** 
Me oe ke eee ke ok ee kee KK KK 

VTX = VT*COS(GAMT) 

VEY = VT*SIN(GAMT) 

XT = VEX*TIME + XTO 

YT = VIY*TIME + YTO 

SIGT = ATAN2 (YT XT) 

XLOS = XT + VPX*TS 

YLOS = YI + VTY*TG 

SLOS = ATAN2(YLOS, XLOS) 


IF (TIME.GE.TCON) GO TO 50 
HRA KK KKK RKK REE KK RK KK KKK KH 


Sees vlsSLE PARAMETERS *** 

fet Fo ea tok ak tok ok kk ok 

* PROGRAMMED GUIDANCE #8 % 24% 30% a ka kok ok kok es tok 
* 


SIGM = SLOS + 0.1 
VMX = VM * cos (SIG 
VMY = VM * SIN(SIGM 
XM = INTGRL(O.,VMX 
YM = INTGRL(O. .VMY 
RM = SORT (x 4% + YM**2) 
SIGMS = SIGM - SLOS 
CRE = RM * SIN(SIGMS) 
CRED = DERIV(0.,CRE) 
GO TO 200 

we este ete ake He fe ae oe oe eek ke oe eke Ke Ke KKK KK 


* ON-OFF GUIDANCE (BANG-BANG CONTROL) **####4 Hus Ha HHH HHH HH 
Me ee ke eK KK KK KK KKK KKK KX 


50 CONTINUE 
G = 150. 
ACRED = Sia 
F = CRE + { RED*AC RED) / (2*S) 
0 = -G * 5 Ci raes 
IF J oealta e LT. M) =SoGeester fo 
CRED = IN oe aes 
CRE = INIGRL(CRE,CRED) 








Rae = VESFTiIMve 

A3 = ue AR 

SIGMS = ARSIN(A3) 

SG) =— SLOS ft SitsMs 

VMX = VM * COS(SLOS 

Vitien=a vies SIN (SLOSS 

ee = RMS ES COS (SIGH 

ie = RMP te SIN (SEGM 
Hee HE ee RK KK RK KKK ERK KK ERK KKK KKK KEK KKEK KKK RK ERE KK 
P 200 CONTINUE 


He ee KK KK KK KEK KK RK RE KKK KK EK KEK KKK KK KEK KEK EK 
See eoO LON RESULT *** KILL = 0 ; IGT MISSED 
eet oie D&S. ROY ED 


we RK RK REK EK RKKKEK OKIE L = 1 
XDIST i ao Sie 
YDIST YEE $t 
Diego SOR T(XD ES tot YDIST*=* 2) 


CAMEOS Ul Ut il 


vc = § EE ie R= Vy ree (VEY = VY eee 2) 
TG = DIST/SVC 
Ee. OT ih “EE 2} KILL = 

x oP eas f .2Glt.2 KILL = Q 

SOR T 


He Me ee AE eK eK ee eK KK KH ee KK He OK EK KK EK 


eeeKEKK OUTPUT AND ELOT CONTROL CARD **#%**K 4K KK KKK HK KK 
ae a ok a 2 oe a ok a a oe a kK a KK dk ok eR RK KK EX 


SAMPLE 


CALL DRWG(1,CUR,XM,YM) 
CALL DRWG(2,CUR,TI ME, DIST) 
CALL DRWG 3+ CURsEEME, CRE) 
CALL DRNWG (4 .4CUR,CRE,CRED 
CALL DRWG(5,CUR,TIME, F) 
CALL DRWG (6 ,CUR,TI ME, 0) 
TERMINAL 
IF (CUR .£Q.3) CALL ENDRW(NPLOT) 
CUR = CUR + 1 
CONTRL FINTIM=5.65,DELT=0.001 ,DELS=0.003 
PRINT 0.005,TG,XM, YM,XT, YT, CRE, CRED, DIST, KILL 
PARAM M= 5. 
END 
PARAM M= 1. 
END 
STOP 
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